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Issues with low-temperature thick-films
! Compatibility of thermal expansion
! Dielectric-resistor compatibility
! Adhesion
! Stability of the resulting circuits
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3 Temperature Ranges
75% PbO + 10% B2O3
+ 15% SiO2 + 2% Al2O3
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Studied dielectric compositions
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Dielectrics & resistor Compositions
Dielectric
 composition
Resistor
 composition
-400 nm
-Firing temperature 500°C
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Paste preparation
Mixing powder SiO2, B2O3, PbO, Al2O3
Milling, sieving of
glass powder
Mixing glass powder
–filler powder
Al2O3 or SiO2
powder
Organic vehicle
Mixing in the tri-cylinder 
Dielectric paste
melting
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Screen-printing sequence
Substrate
Dielectric
Resistor
Conductor ConductorBasic
structure 40µm
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Samples for characterisation
"TCR measurement "Gauge Factor measurement
Longitudinal resistors
Transverse resistors
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Adhesion & Crack problems
Non adherence  on
non-oxidised substrates
"Adhesion "Crack problems
Oxidation 1h @ 900°C
Match TCE
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Dissolution of SiO2 powder in glass
! Effect on resistors…
glass + SiO2 SiO2 - rich glass
SiO2
particles &
low-temp.
glass
625°C600 °CDissolution
Temperature
of SiO2 (10% filled)
V6 glassV8 glass
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Results: Alumina & Steel Substrates
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Intermediate Temperature range
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Results: Alumina & Steel Substrates
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High Temperature range
Alumina
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Results: Alumina & Steel Substrates
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6-4125.91.4435
6-13931.75501.401612V8Q40
--10388.71.4435
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Electrical results
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Conclusions
! Dielectric – resistor chemical compatibility
! Very low processing temperature achieved
! Compatible with wide range of substrates
! Matching of thermal expansion is critical
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CTE range: glass + SiO2
• Little reaction: very wide range of CTE values possible
due to different forms of SiO2
• Fully reacted: OK for alumina, float glass & Ti
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Outlook
! Fillers: improve stability and
reproducibility of dielectrics
! Control of TCR of our resistors through
additives (CuO, NiO, TiO2, Sb2O3)
! Materials without Pb or precious metals
